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ABSTRACTs A program to develop rubber diaphragms for the Hydrostatic
Switch XH-L6C was carried out. Various formulations based on a styrene-
butadiene polymsr were compounded and evaluated for low temperature
flexibility, aging, and ozone resistance under outdoor and accelerated
laboratory environmental conditioning. Formulation “WA-27 was initially
selected as the diaphragm material for the first production switches.

When it proved to have inadequatsc ozone resistance properties, a special
antiozonant chemical coating was found which would give adecuate proteciion
for the diaphragms already in service. Later, Formulation WA-36, ar

ozone resistant material, was also found to meet the recuirementa set forth
for a diaphragn material. Fommulation WA-36 is recommended for use in

the manufacture of diaphragms for the Hydrostatic Switch XH-h6C. This
material is covered by specification NAVORD 0S 7887, ’\\
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This report covers the development and evaluation of an orone resistant
symthetic rubber compound for low temperature service. The rubber is
fabricated in the form of a diaphragm and serves the dual function of
providing a water tight seal as well as a pressure transfer medium for
actuation of the piston of the Hydrostatic Switch XH-L6C. The purpose
of this report is to assembls the information obtained and to make it
available to other activities. This work was performed under Task 7ll-
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DEVELOPMENT OF AN OZONE RESISTANT SYNTHETIC
~ RUBBER OMPOUND FOR 1OW TEMPERATURE SERVICE

INTRODUCTION

l. A program to develop rubber diaphragms for the Hydrostatic
Switch XH-LEC was carried out. Two diaphragns are utilized in this
application, one outside the switch where it is exposed to all environ.
mental conditions and the other inside where it is protected. Tt was
the goal of this development to provide a diaphragm material with the
following characteristicas

as Compatibility with silicone grease under all snvironmental
conditions at temperatures ranging from -5L4°C to 71°C.

b, Excellent flexibility at «SL°C in order to maintain switch
actuation pressures within required limits over the temperature range
of -54°C to T71°C. '

ce Adequate tensile strength, elongation and tear resistance
for the application,

d. Good aging properties including ozone resistance.

s. Capability of withstanding 1,000 actuations without rupture
or leakage in the hydrostatic switch.

f. Maintenance of the above properties for a storage period
of 18 months ninimum,

2. ‘he dual diaphragm sysiem for the Hydrostatic Switch XH-L6C is
11lustracved by Figure 1, In this switch the outer diaphrapm is used
primarily to prevent icing around the piston area and as a safety measure
to prevent rupture of the inner diaphragm. Only the outer diaphragm is
exposed directly to the atmosphere. Convolutions were molded into th's
outer diaphragm for the first production switches. The inner diaphragms
vere molded without convolutions and required folding as shown in Figure 1.
Both innsr and outer diaphragms, subssquently, have been molded with
convolutions so that in their nomal position, in storage, they will not
be under significant stress.

3. This report describes the development of rubber formulations
based on a styrene-butadiene polymer selscted for its low temperature
flexibility properties. Data on physical properties and ozonc resistance
under outdoor and accelerated laboratory environmental conditioning are
included. The application of antiozonant coatings to molced rubber
surfaces is discussed. A specification, NAWRD 05 7887 (reference (a)),
covering the rhysical properties and ozone resistance of rubber
Formulation 'WA-36 has been written.

1
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" DREVELOPMENT “ORX

L« The selection of a base material for rubber diaphragms was
govermned primarily by requirements for compatibility with siliocone
rreass; low temperature flexibility, and tear resistance. Styrene-
butadiene rolymers were selected as the base material in trial
formulations because of their low temperature flsxitility properties.
A selection of seven of the trial formulations pertinent to the follow
ing discussions are given in Table I. '

Se. Formulation “A-L had been used successfully in contact with
silicone fluid for a previous application. Therefore, 'JA-L was selected
for the initial trial formulation but its tear resistance proved inadequate
for diaphrapm recuirements, and its tensile strength and elongation were
lower than desired. Formulation WA-7 incorpocrated Philblack O in order
to obtain hirhier tensile strength properties, and Hi-Sil C was added to
improve the tear res:stancs. The base material was then changed to
SBR 1023 in Formulation 14-9 to further increase the tensile strength.

6. 1In order to improve the low temperature flcx’ -ility, the amount
of plasticizer (TP-90B) was increased in Formulation A-10. Further
study was made on WA-10 to detemine aginr properties and long term
effects of contact with silicone grease. This material appeared to be
adequate for the requirements set forth, and the formulation was re-
leased for production of rubber diaphragms. The contractor for molding
diaphragms, however, was unable to obtain Hi-S51l1 C on the commerclal
market. Further study indicated Hi-Sil 233 could be used as an adequate
substitute for Hi=Sil C, and Formulation WA-27 was, therefore, used as
the material in the first production switches.

7. The evaluation of Formulation 'JA-27 consisted of tests on molded
diaphragms as well as on standard teet panels. Two diaphragm shapes
were used for tests. These are designated as the inner and outer
diaphragms of the Hydrostatic Switch XH-L6C and are shown in FPigure 1.
Both the inner and outer diaphvragms were tested for ozone resistance
as well as for rupture resistance. Rupture resistance was determined
by inflating the diaphragms with air after various environmental expoeures.
Two proups of diaphragms were used for these tests, During exposure, one
proup of diaphragms were mounted in the hydrostat housings using silicone
rrease to 411 the cavity between the inner and outer diaphragms as
shown in Figpure 1. These diaphragms were designed as "Mounted™ in
Table IXI, Another group of diaphragms wers neither mounted in the switch
housing nor coated with silicone grease. These diaphragms were subjected
to various exposures in the "as molded" cond!tion and are designated
"inmounted® in Tahle IX. MNiaphragms exposed to outdoor exposure were
not coated with cilicone grrase.

8. Tormulation YA-27 was “ound to be susceptable to ozone attack,
and, thercfors, was considrred inadequate for the diaphragms application.

2
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Other properties of this material were satisfactory. According to
reference (b), it is possible to protect SRR vulcanizates against
ozons attack by extarmally coating the molded specimens twice with
a 50/50 parts by volume UOP-88/acetone solution. It was determined
that those diaphragms of Formulation 'A-27 now in service could be
adequately protected in this manner,

9. Additional work was undertaken to obtain a rubber formulation
with improved ozone resistance and variations in the amount of anti-
ozonant and wax carrier resulted in the development of Formulation WA-36
as an ozone resistant materizl. As indicated by Table III, the properties
of Formulation WA-36 are as good or better than WA-27. Therefore, all
experimental and production diaphragms are curreitly being molded of
Formulation WA-36.

TEST METHODS

10, Standard test methods, references (c), (d) and (e), were used
to evaluate panel stocks for their mechanical properties., Details are
given in reference (a).

11. Two tests were made to detemine the low temperature flexi-
bility. The first of these, the brittle~ess test, consists of main.
taining specimens at =54 for four hours and then allowing a 65 gram
ateel ball to fall 37 cm onto the rubber test strip. This strip is
held by one end, fastened betwecen two wooded blocks, with its other end
placed perpendicular to and in the path of the falling ball. A brittle
material will crack on impact, a nonflexible material will hold the
ball in the guide tube, and a flexible material will bend to release the
ball from the tube. The second test was the Celman low temperature
flexibility test as described in Method 5611 of reference (c).

12, Ozone resistance was another important property which was
evaluated on the most promising fomulations. Specimens for ozone
resistance testing were mounted in accordance with reference (d). Some
specimens were exposed to an accelerated test in an ozone cabinet, as
described in refsrence (e), but with an osone concentration of 50 ¢ 5
parts per hundred million and a temperature of 37.8 t 1.1°C. Specimens
weis examined under twenty power magnification at intervals during the
seven days test period. All accclerated osone resistance testing vas
performed by Rock Island Arsenal, Rock Island, Illinois, Other ozone
Tesistance test samples were mounted for outdoor exposure on Lucite
racks as shown in Figure 2, These racks were mounted at a L5° angle
facing South at the Canal 7ome Corrosion Laboratory, Miraflores, Panama
Canal Zons, and at the Naval Ordnance Laboratory, “hite Oak, Silver Spring,
Maryland, The rack exposed at the Naval Ordnance Laboratory Test Facility,
Fort Lauderdale, Florida, was mounted at a L5° angle facing parallel to
the edge of the ocean (due East). Specimens exposed on the roof at the
Taval Ordnance Laboratory were examined at radom intervels under eight
pover magnification.

13. The effect of various laboratory conditioning tests on rubdbber
materials 4is usually determined by the change in physical properties of

3
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standard specimens., This type of testinpg, however, was not feasible

for molded diaphragms. Therefore, a test was devised which would

measivre the air pressure required to rupture a diazphragm. Figure 3 v
i1llustrates this test set-up. A modified diaphragm housing, similar

to the hydrostatic switch, was vsed with the diaphragms mounted as

shown in Fievre 3., To test an inner diaphram, an initial air pressure .
of twelve psi was applied, and then increased by two psi steps at

fifteen second intervals until a pressure of 28 psi was reached. The

pressure was then increased one psi steps at fifteen second intervals

until rupture of the diaphragm occurred. Uhen testing the outer

diaphragm, an O-ring was used to replace the inner diaphragm. An

initial air pressire of six p=i was used, Increased pressures were

applied in two psi steps each fifteen ceconds up to ten psi, Subsequent

increases in pressure were at one psi steps at fifteen sezond intervals

until rupture of the diaphragm occurred.

TYST RESULTS

1. Test results discussed herein are limited to the evaluation of
Formulation YA-27 and Formulation WA-36. A summary of the physical
properties of these two materials is given in Table I1I,

15. Low temperature flexibility of the rubber diaphragm is
extremely important if actuation pressures amw %o be maintained within
required limits over the temperature range of «5L4° to 71°C. The Gehman .
low temperature flexibility test results are illustrated by Figure kL.
A twist of 73 deprees at -5L°C for Formulation WA=27 indicates that
this rubber has pood compliance at low temperature., The comparable
curve for Farmulation ViA-36 shows WA=-36 to be more flexible than 3A-27
in the temperature range. Repeated tests on variouz batches imiicated
m-3ghgo be consistently more flexible than various batches of WA-27
‘t - CO

16. Osone resistance testing was conducted at 37.8°C and at 50
parts per hundred million ozone concentration. Slight coacking was
noted within two hours when specimens of Formulation WA-27 were
examined under twenty power magnification. Small cracks over the top
surfaces of the bent loops were visible to the naked eye when specimens
were removed after seven days exposure (see Fipure 5). Similar specimens
for Formulation WA-36 (Figure 5) passed seven days of ozone exposure
without visible eracking as examined under twenty power magnification,

17. Rent loop specimens of Formlations “A=-27 and WA-36 were
subjected to outdoor exposure, Cracks were visible to the naked eye
on WA-27 bent loops after four weeks exposure in April on the roof af
the Naval Oxdnance Labtoratory. As illustrated by Fipure § all WA-27
cpacimens had cracked during outdoor exposure in various locations.
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Bent loops of Formulation WA-36 remained crack free (examined under
seven power magnification) after six months of outdoor exposure on
the roof of the Naval Ordnance Laboratory (see Figure 7).

18. Molded diaphragms of Formulation "IA=27 were subjected %o
outdoor exposure and ozone resistance testing. "he condition of
unmounted diaphragms after outdoor exposure is shown in Figure 8.

The stressed position ¢f the inner diaphragm accelerated cracking

at the stressed areas while the outer diaphragms we~e unstressed and
only slight cracking appeared in the top center of ihe diaphragm. As
1llustrated by Figure 9, the ozone cabinet tests wera more severe than
outdoor exposure tests. Numerous cracks were visible within 2L hours as
shown by Disphragm No. 13, and within seven days the stressed wall had
cracked through (No. 1j). The stressed cuter diaphragm was in several
pleces after seven days exposure. Ozone tests on outer diaphragms
2avricated of “i-27 mounted in the hydrostatic switesh howsing and filled
+ith silicone grease showed unly a slight evidence of ozone cracking
after seven days, The inner diaphragms in this sama test were unaffected.
Oszone atmosphere was kspt from contact with the erposed side of the
inner diaphiagm by a plate sealsd to the bottom of the housing (see

Figure 1).

19. Stressed diaphragms of Formulation fA-36 remained crack free
{examined under seven power magnification) after six months of outdoor
exposurs on the roof of the Naval Ordnance Laboratory. The improved
osone resistance of Formulation WA-36 during outdoor exposure tests is
1llustrated by Figure 7 as compared to Fipures 6 and 8 which show
results of WA-27 exposures.

20. Bent loop spacimens and outer diaphragms (molded of Wi~27)
which had been coated with a UOP-88/acetons solution priar to exposurs
renained crack free for seven days ozone resistance testing at S0 ¢ 5
parts per hundred million ozone concentration and 37,8°C (see Figures S
and 9). Sirce weather conditions affect outdoor expoeure tests, samples
were simults -ously exposed coated and uncoated at the Naval Ordnance
Laboratory £ r direct comparison of cracking effects. After six months
outdoor expusure, uncoated specimens were cracked as illustrated by
Figure 10, Coated specimens had not cracked, although the UOP-88 coating
had checked on the surface (see Figure 10).

21. ‘The r:-sults of the rupture test of diaphragms molded of
Formulation "JA-27 are given in Table II. The hydrustatic switch
1s requirad to pass a JAl Cycle test, (reference (f)), to demonstrate its
resistance to deterioration under service environmental conditions.
This test consists of 28 days, or tw complete cycles. Each cycle
expcses the samples to temperature-humidity extremes as illustrated
by Figure 11, Pupture test results indicated less chanpe as a result
of JAY Cycle than that obtained by oven aging or outdoor exposurs. Six
months additional outdocr exposure in Panama did not sipnificantly
change the rupture test valwes from those odtained after the first

5
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six months exposure. Rupture testing of diaphragms conditioned
with or without contact with silicone grease did not eive sufficient
evidence of adverse aging of diaphragms molded of Formulation “A-27,
Test results did not warrant additional rupture testing using
diaphragms molded of ¥ormulation "ji-36,

CONCLUSIONS

22, Two synthetic rubbers have been formulated for use in the
Hydrostatic Switch XH-LOC application. Formulation WA-27 was used as
the diaphragm material for the first production switches but was later
found to be susceptable to deterioration by ozone during adverse
storage conditions. It was further found that this shortcoming c ould
be overcome by twice coating the material with a 50/50 parts by volume
UQP~88/acetone solution., This technique is recommended for protection
i the YA=27 diaphragms currently in service.

23. Synthetic rubber Formulation YA-36 is an improvement of
1A-27 and adequately meets the recquirements for the diaphragm application.
It is, therefore, recommended for use in the manufacture of all subsecquent
diaphragms for the Hydrostatic Switch XH-L6C. A specification, NAVORD
05 7887 (reference (a)), covering the physical properties of rubber
Formulation 'JA-36 has been prepared based upon the data given in Table III.

P S
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TABLE I

ARCTIC TYPE SBR FOLYMER FORMULATIONS

Yormulation Dngpation WA=4 WA=-7 WA<9 YA=-10 a=27 WA=36
fompounding Ingredients
SR 1015 70 70 - - - -
SBER 1505 30 30 - - - -
SHR 1023 - - 100 100 100 100
Kosmos 20 60 - - - - -
Philblack O - Lo Lo L0 L0 L0
RisilcC - 2 X X - -
Hi 531 233 - - - - 20 2
TP-90B 4 [ 5 15 15 15
Zine Oxide (Xadax 25) 3 3 3 3 3 3
Stearic Acld N. F, 1.5 1.5 1.5 1.5 1.5 1.5
Sunproof Jr. 2 - 2 2 2 -
Heliozone - 2 - - - 1l
UoP~88 2 2 2 2 4 S
Neozone D 0.5 O.S OOS 0.) OQS OQS
Sulfur (Blackbird) 0.7 0.7 0.7 0.7 0.7 0.7
Monex 2 2 2 2 2 2
D.P.C. O - Ouki Coli 0.4 O.L
Physical Properties
Tensile Strength, pei 180 1230 1848 1574 1612 15LL
‘Tlongation, ¥ 380 LML L23 130 Lsh L5
Hardness, Shore
A%, R. T, 55 57 60 58 5 55
-Sh°C 60 75 75 T0 70 72
Tear Resistance, 1b/in - - - - 150 165
Ozone Resistance, 50 pphm,
38‘0’ 1 dm - - - - OOK.

2 Time to first crack noted under 20 X magnifications.
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TABLE II

RUPTURE TEST l/’,tBUL‘I‘S OF HYDROSTATIC SWITCH DIAPHRAGMS
Yolded of Formulation JA-27

inner Dlaphra Outer Diaphra
Type of Conditioned Conaﬂfoned CondT¥Toned  Conditionsd
Conditioning Unmounted Mounted, Unmounted Mounted,
(psi) (psi) (psi) (psi)
Unconditioned 30, 30 - 1k, 1L -
Ozone, 50 pphm,
38¢¢, 7 days - 33, 33, 33 - 13, 15, 13
Oxygen Bomb, T0°C,
72 hours 31 1 1k 16
JAM Cycle, 28 days 35, 37 32, 32 15, 16 15, 16
Aging, 100°C, 72 hours 35, 37 3L, 38 17, 17 17, 18
Aging, -13.3°C
72 hours 30, 31 30, 30 w, 1k 15, 1k
Outdoor exposuret
6 months:
Silver Spring, Md. 38, Ll - 16, 17
Fto Laude't‘dale, Fh. hl, h? - 17’ 17 -
Panama Canal Zons L2, L2 - 17, 18 -
12 months:
Panama Canal Zone L1, b3 - 18, 18 -

o -

a -Diaphragms mounted in the hydrostat housing during conditlioning were in

contact with Silicone Orease DC«l.

See Figure 1 and paragraph 7 of text.
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TABLE III
OOMPARISON OF PHYSICAL PROPERTIES OF FORMULATIONS WA-27 and “JA~36

- NAVORD 0S 7887 Formulation Formulation

Propsriies Specification HA=27 A= 36
Values Values Values
TENSTIE STRENOTH
Initial 1475 psi, min 1,85-1750 1528-1702
After oven aging
(70 hrs at 100°C) % 15% change, max O t5 -9,1% =5.3 to -9.L%
ELONGATION
Initial LOOg, min L07-L65 LL8-L99
After oven aging
(70 hr' &t lm‘C) -m cm. MAX -607 tO “1701“ "h.é fD + 2.9"‘
HAKINESS (Shore "A" Durometer)
Initial 55:5 52 - 60 52 - 56
After oven agzing
(70 hrs at 100°C) 60, max 58 ~ 59 - 55 - 58
After wvater immersion
(70 hrs at 100°C) 60, max 50 51 - 53
Low temperature (after
L hrs at -54°C) 75, max 65 - 70 72 -175
TEAR RESISTANCE
Inttial 150 1bs/inch of
thickness, min 150 158 - 187

COMPRESSION SET
After oven aging

222 hrs at 70‘0) 15’ chmg.. max 10.7 - lech 1103 - 12.8
70 hrs at 100°C) 20% change, max 1.2 - 16,6 12.6 « 1k,6
STIFFNESS

After 5 min at SL°C 750 t-vist, min kse - 90° 86° -~ 96°
BRITT1ENESS

After L hrs at -54°C No failures No failures No failures

RESISTAY Ck ™ SILICONE OREASE
Hardness~Shors “"A" Durometer
(after treatmsnt with silicune
greass) 60, max 58 - 60 58 - &0
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TABLE IXI (Cont'd)

COMPARISON O PHYSTCAL PROP:RTIFS OF FORMULATIONS WA-27 AMD WA=36

FAVORD 05 7887 Tormulation Fomulation
Properties Specification WA-27 WA~36
Values Vaiues Values
RESTBTAT CE 10 SILICONE GHNASE (Cont'd)

Thickness {after treatment with
silicone grease)

Weipht (after treatment with
silicone grease)

WETOHT CHANCE
After cven aging
(70 hrs at 100°C)

VOLUME, CHAYOE
After water irmersion
(70 hrs at 100°7)

COMTUCTANCE
Yater Extract

SPECTFIC GRAVITY
O7ONE RESISTANCE
After 7 days in 50 pphm ozone
at 389

«5% shange, max

~10% change, max
-5% change, max

+5% change, max

0 ghm':"cm"l x

1.15 £ 0,05

Crack free under
20X magnification

«2:9 10 =he3% O to -2.7%
"502‘ "309 to '800‘

-1-8 to ‘2‘ '2.? to ““3@”

2.1 to 3.2¢ 3.2 to L.Lg

65 57 - 68
1.13 - 1.15 1llh

2 hours - erack free
cracked
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WA-27 (CHALKED TO SHOW CRACKS)
FIRST CRACK - 2 HOURS

L] 2 2

- -r ~
WA-27 COATED WITH UOP-88
CRACK FREE - 7 DAYS

Loox
ﬁ==

WA- 36
CRACK FREE - 7 DAYS
FIGURE 5. OZONE RESISTANCE TEST, BENT LOOPS,
50 PPHM OZONE, 38°C, SEVEN DAYS
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BENT LOOPS EXPOSED
4 SEPTEMBER 1957 - 4 MARCH 1958

STRESSED
INNER DIAPHRAGMS EXPOSED

It SEPTEMBER 1957 - |1l MARCH 1958

FIGURE 7. SIX MONTHS OUTDOOR EXPOSURE ON
NOL ROOF OF WA-36 BENT LOOPS AND DIAPHRAGMS
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INNER DIAPHRAGMS OUTER DIAPHRAGMS
EXPOSED AS ASSEMBLED EXPOSED IN DOME SHAPE
IN HYDROSTAT FOR STRESS

STRESSED FOLD TOP OF DOME
CRACKED THROUGH CRACKED INTO 3 PIECES
IN 7 DAYS IN 7 DAYS

COATED WITH UoOP-88
CRACKED IN CRACK FREE FOR
24 HOURS 7 DAYS

FIGURE 6. OZONE RESISTANCE TEST, MOLDED
DIAPHRAGMS, WA-27, 50 PPHM OZONE, 38°'C
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VORD RE 6241 STREsSED INNER

BENT LOOPS EXPOSED DIAPHRAGMS EXPOSED

3 JULY 1957 - 3 JANUARY 1958 7 AUGUST 1957 -
7 FEBRUARY 1958

UNCOATED (CHALKED TO SHOW CRACKS)

MAGNIFIED TO

| |
EQUAL ONE INCH IO

COATED WITH UoRrR88

FIGURE 10. SIX MONTHS OUTDOOR EXPOSURE ON
NOL ROOF OF WA-27, BATCH 21, UNCOATED AND
COATED WITH UOP-88
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